Simultaneous electronic and optical measurements provide a means of accessing microscopic information about the electronic and vibrational energy distributions in atomic-and molecular-scale systems driven out of equilibrium. These distributions and their evolution as a function of temperature, bias, and optical intensity are directly relevant to understanding the flow of energy and the origins of dissipation at the nanoscale, a topic of direct interest to the DoD. In support of a full research proposal awarded (by ARO, proposal 63808CH) in September, 2013, we sought critical integrated upgrades to our Raman microscopy system. The first was acquisition of a closed-cycle
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Simultaneous electronic and optical measurements provide a means of accessing microscopic information about the electronic and vibrational energy distributions in atomic-and molecular-scale systems driven out of equilibrium. These distributions and their evolution as a function of temperature, bias, and optical intensity are directly relevant to understanding the flow of energy and the origins of dissipation at the nanoscale, a topic of direct interest to the DoD. In support of a full research proposal awarded (by ARO, proposal 63808CH) in September, 2013, we sought critical integrated upgrades to our Raman microscopy system. The first was acquisition of a closed-cycle cryocooled microscope cryostat system from Montana Instruments. The CryoStation allows optical and electronic measurements in high vacuum at sample temperatures down to 3 K, with no helium cost and vibrations limited to the few-nm scale. The instrument was integrated with our existing custom-built Raman microscope and software, previously demonstrated to allow single-molecule sensitivity Raman spectroscopy. The second component of our upgrade was a revamped ultranarrow optical notch filter and ultrastable laser source for measurements down to extremely low wavenumber Raman shifts. These upgrades have been incredibly valuable, and the new capabilities have transformed the way we are able to perform simultaneous electronic and optical measurements at the molecular scale. The number of undergraduates funded by this agreement who graduated during this period with a degree in science, mathematics, engineering, or technology fields: 
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Final report: A closed-cycle optical cryostat and improved optical elements for studies of dissipation at the molecular scale
I. Statement of the problem
Simultaneous electronic and optical measurements provide a means of accessing microscopic information about the electronic and vibrational energy distributions in atomic-and molecularscale systems driven out of equilibrium. These distributions and their evolution as a function of temperature, bias, and optical intensity are directly relevant to understanding the flow of energy and the origins of dissipation at the nanoscale, a topic of direct interest to the DoD. Achieving these measurement goals requires (1) a stable, extremely clean sample environment with access to temperatures down to a few Kelvin, to maximize energy resolution; (2) lack of appreciable vibrations or other positional instabilities, such that long data acquisition procedures may be employed to enhance signal-to-noise via averaging; and (3) high energy resolution, particularly down to the low energy limit associated with center of mass motion of molecules (a few meV = tens of cm -1 ) and low-lying phonons of bulk solids (e.g., the Au optical phonon at 17 meV). To address these experimental needs, this project supported the acquisition of a closed-cycle optical cryostat from Montana Instruments, as well as a new 785 nm diode laser and ultrahigh resolution Bragg grating filters to examine inelastic light scattering down to a few cm -1 in energy.
II. Summary of the most important results
The addition of the cryogen-free, low-vibration optical cryostat from Montana Instruments (Fig. 1) was a significant improvement to our low temperature scanning Raman microscopy setup. Until the upgrade we used a conventional cold-finger cryostat from Cryo Industries specially designed for microscopy applications. The lowest sample temperature that we were able to achieve with the flow cryostat was 15K, which is a major drawback for the planned experiments on inelastic electron tunneling spectroscopy that require T<5K for optimal resolution.
Additionally, the spatial position of the sample was (unintentionally) dependent on the cryogen flow rate because of the thermal expansion of the Installation of ultra narrow notch filters (Fig. 2) Comparison of the Raman spectra of the test n-type SiO 2 /Si wafer acquired at T = 80 K using an old "super" notch filter (red) and using the new Bragg grating filer at 5K. Acquisition time for both spectra is 10 sec. Arrow demonstrates the spectral area blocked by the conventional notch filter. demonstrated in Fig. 3 . A downside to this filter system is that it requires a specially filtered narrow-line laser with small beam divergence. The spectrum shown in the figure is acquired with the old laser from ONDAX that was not performing to the specifications. This results in additional artifact lines around ~80-100 cm -1 . Initially we purchased a new laser from Innovative
Photonics that was compatible with a Bragg filter set; however the laser was damaged during the shipment and after several rounds of negotiations we were refunded. We have acquired a new version of the current laser from ONDAX and are planning to install it imminently. heating is much more severe. The temperature rise exhibits a nontrivial dependence on the incident intensity due to the complicated, temperature-dependent thermal boundary resistance between the metal film and the underlying dielectric.
To summarize, these acquisitions have made possible experiments that simply would not have been achievable with the previous setup, including a transformative change toward longbaseline measurements and sample lifetime. Two papers [2, 3] have been published so far that Lines through data points serve as a guide to the eye.
